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We analyse a possible adjustment of Twin Higgs models allowing to have broken electroweak (EW) symmetry
at all temperatures below the sigma-model scale ∼ 1TeV. The modification consists of increasing the Yukawa
couplings of the twins of light SM fermions. The naturalness considerations then imply a presence of relatively
light electroweak-charged fermions, which can be produced at the LHC, and decay into SM gauge and Higgs
bosons and missing energy. Analysis of experimental bounds shows that such a modified model features an
increased amount of fine-tuning compared to the original Twin Higgs models, but still less tuning than the
usual pseudo-Nambu-Goldstone Higgs models not improved by Z2 symmetry. The obtained modification in the
evolution of the EW symmetry breaking strength can, in particular, have interesting implications for models of
EW baryogenesis, which we comment on.
INTRODUCTION
The origin of the observed matter-antimatter asymmetry
remains an open question of fundamental physics. Among
various proposed scenarios to address this question, the elec-
troweak baryogenesis [1, 2] (EWBG) stands out as the one un-
avoidably requiring sub-TeV-scale new physics beyond stan-
dard model (SM). This new physics is responsible for render-
ing the electroweak phase transition to be of the first order, and
also for introducing new sources of CP violation. This predic-
tion motivates numerous experimental searches (see e.g. [3]).
However, in order to explore the idea of EWBG to the fullest,
it is important to understand whether there are alternative re-
alizations of the latter. In particular, the above prediction for
the new physics scale is derived for models where the elec-
troweak symmetry is restored at temperatures above around
160 GeV. Such a symmetry restoration is driven by a positive
correction to the Higgs mass induced by the interactions with
the SM plasma
δm2h(T )SM ' T 2
(
λ2t
4
+
λh
2
+
3g2
16
+
g′2
16
)
' 0.4T 2, (1)
with λt, λh, g, g′ being top quark Yukawa, Higgs quartic and
EW couplings respectively.
Recently, several works [4–7] proposed scenarios where
this is not the case, realizing high-temperature breaking of
the electroweak symmetry1, also referred to as symmetry non-
restoration (SNR). With this mechanism in action, the transi-
tion from zero to large Higgs VEV can happen at much higher
temperatures than was typically assumed, with the EW sym-
metry always being broken from that point till today. The new
physics needed to be active during the transition to generate
the first order phase transition, and produce CP violation, can
be correspondingly heavier. The common prediction of the
proposed models is a large number of new SM-neutral degrees
of freedom which generate a negative temperature-dependent
1 See [8–24] for other studies of symmetries broken at high temperature and
in particular [25–28] for the studies in Goldstone Higgs models.
correction to the Higgs mass, thus counteracting the positive
SM contribution of Eq. (1). These new states have to feature
an appropriate type of couplings to the Higgs boson and a rel-
atively low mass (a few 100 GeV), though are still very hard
to detect experimentally.
Given the large multiplicity and very special features of the
SNR-states, it is important to find whether there exist moti-
vated theories which automatically predict their presence. The
Twin Higgs models [29] contain this type of states by default:
these are twins of SM quarks, leptons and gauge bosons. The
thermal correction to the Higgs potential induced by the twin
SM states is minimized at some large Higgs field value, in
contrast to the correction induced by the SM states, which is
minimized at the Higgs origin. In this note we derive the con-
ditions needed for the twin contribution to dominate over the
symmetry-restoring SM correction, thus producing SNR. One
of the phenomenological predictions of the resulting model
is a presence of EW-charged TeV-scale partners of the twin
fermions. We discuss current and future experimental sensi-
tivity to them.
We dedicate a special attention to the fine-tuning of our
SNR Twin Higgs model. The main motivation for consid-
ering the Twin Higgs scenarios, with a field content signifi-
cantly enlarged with respect to the SM, is a possibility to de-
crease the amount of fine tuning, needed to generate the sep-
aration between the EW scale and the scale of SM-charged
new physics, which is pushed up by the collider experiments.
In this respect, the SNR Twin Higgs appears to be worse than
the vanilla Twin Higgs scenarios but still better than the usual
Goldstone Higgs models [30] not enhanced by a Z2 symme-
try. While loosing in the tuning to the vanilla Twin Higgs,
the model with new relatively light fermions allows for more
options to relax the tension with the electroweak precision
tests [31] which are generic for Goldstone Higgs models.
More generally, we provide for the first time a concrete
qualitative evaluation of the fine tuning necessary to accom-
modate the EW symmetry non-restoration at high tempera-
ture, which was not given much of attention previously.
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For various reasons the Standard Model is typically consid-
ered as an effective description, approximating the low-energy
limit of some more complete fundamental theory in the UV.
The naturalness problem of the Standard Model stems from
the quadratic sensitivity of the Higgs mass to the mass scale of
its possible UV completion, making it difficult to explain why
the EW scale is so much lighter than the new physics scale,
which, depending on the type, is pushed by the experiments
to the TeV or even multi-TeV scale. One possible ingredient
of the answer to this puzzle could be the Goldstone symme-
try: scalar particles, such as Higgs, could be naturally light
if they are associated to spontaneously broken global sym-
metries. Concrete and minimal realizations of this idea (e.g.
[30]) typically allow to push the QCD-charged new physics
scale to ∼ 1 TeV at most [32, 33], where it is already par-
tially excluded implying enhanced fine tuning in these models.
The Twin Higgs models are a less minimal realization of the
Goldstone symmetry protection, featuring an extended sym-
metry structure, which allows to push the SM-charged new
physics to a several-TeV scale. While more detailed defini-
tions of this type of models and their variations can be found
in numerous papers [29, 34–41], we here proceed directly
to the technical points relevant for the high-temperature be-
haviour. We will consider the model possessing a global sym-
metry SO(8) which is spontaneously broken to SO(7) at a
scale f = 0.8 TeV, with the SM EW symmetry embedded
into SO(4)1 ⊂ SO(8) [36]. Four out of seven associated
Goldstone bosons are identified with the Higgs doublet. As
usual for the Goldstone Higgs models, the SM interactions
with fermions q and gauge bosons V become trigonometric
functions of the the Higgs boson. The masses of SM fermions
derive from the following Lagrangian
Lmass = − λq√
2
f sin
h
f
q¯q. (2)
The extended symmetry of the model includes an approximate
Z2 implying a presence of SM twins, very close copies of SM
fermions qˆ charged under analogous Twin SM gauge inter-
actions. The twin EW symmetry is embedded in SO(4)2 ⊂
SO(8), such that SO(4)1 ∩ SO(4)2 = 0. The resulting twin
fermions interactions with the Higgs are shifted by pi/2
Lˆmass = − λˆq√
2
f cos
h
f
¯ˆqqˆ. (3)
At this point one can already see a sign of softened sensitivity
to the UV physics2. The loops of each SM and twin fermion,
2 See e.g. Ref. [42] for a systematic analysis of the cancellation of the
quadratic cutoff sensitivity.
regulated with hard cutoffs Λq and Λˆq , contribute to the one-
loop scalar potential at the leading order as
δVh|λ2 '
λ2q
16pi2
Λ2qf
2 sin2 h/f +
λˆ2q
16pi2
Λˆ2qf
2 cos2 h/f
=
λ2qΛ
2
q − λˆ2qΛˆ2q
16pi2
f2 sin2 h/f + const. (4)
The quadratic cutoff sensitivity disappears in the limit of the
exact Z2 symmetry λq = λˆq , Λq = Λˆq .
Also, as was already noticed e.g. in Ref. [43, 44], the SM
and twin states induce partly cancelling temperature correc-
tions to the Higgs potential. To the leading order in m/T
expansion, we have
δVh(T ) ' T
2
12
(m2q + mˆ
2
q) =
T 2
24
(λ2q − λˆ2q)f2 sin2 h/f
'
hf
T 2
24
(λ2q − λˆ2q)h2. (5)
In the following, we will simply use imbalance between λq
and λˆq in order to produce a negative thermal correction to the
Higgs mass, leading to the high-T EW symmetry breaking.
Let us estimate how much of the imbalance we need. nˆq Dirac
twin fermions (each twin quark counts as 3) with Z2-breaking
Yukawa couplings λˆq > λq lead to
δm2h(T )qˆ ' −
T 2
12
nλˆ2q. (6)
This correction dominates over the positive SM contribution
of Eq. (1) as long as
nλˆ2q & 5. (7)
For order-ten number of twin fermions, one is then required
to have Z2-breaking twin Yukawas λˆq with a size 0.1− 1. We
would not like to introduce any imbalance between the top and
the twin top sectors, as aZ2 between them is a defining feature
of the Twin Higgs models that keeps the masses of colored top
partners well above the TeV scale at no tuning cost. We will
instead assume that Z2 is broken by the Yukawas of the light
twin fermions. The Yukawas of light SM fermions do not
contribute sizeably to the Higgs mass in any case, while their
large twin counterparts lead to
δm2h ' −
nˆqλˆ
2
q
8pi2
cos
2v
f
Λˆ2q . (8)
Reproducing the observed Higgs mass with no fine-tuning
then requires
Λˆq . 0.6 TeV
√
5/nˆqλˆ2q. (9)
In the next section we will show that such a cutoff Λˆq can
be related to the mass of new EW-charged fermions, which
we call twin partners. Unlike the QCD-charged top partners,
such new fermions are much less constrained experimentally.
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Figure 1: Higgs field thermal evolution for different λˆq and nˆq .
In white region the EW symmetry is broken with hSM/T > 1 for
any T < f . In gray region hSM falls, at least temporarily, below
T . Green line shows the minimal λˆq needed for SNR according
to Eq. (7). Maximal nˆq = 21 corresponds to all twin leptons and
quarks (but the top) having Z2-breaking Yukawa coupling λˆq .
With a concrete model for the cutoff physics we will also be
able to quantify the amount of fine tuning associated with a
non-observation of the twin partners.
We now turn back to SNR. In Fig. 1 we show the re-
sults of a numerical computation of the Higgs field thermal
evolution, for different values of λˆq and nˆq . We accounted
for one-loop thermal and zero-temperature contributions from
SM top quark and gauge bosons, Goldstones, and also the twin
top, twin gauge bosons (we have not gauged the twin hyper-
charge), and the Z2-breaking twins qˆ. White area corresponds
to the region where hSM > T at all temperatures within the do-
main of validity of our effective description3, T < f [7, 26]4.
We have checked explicitly that inclusion of the twin partners
discussed in the next section does not change substantially the
results presented in this plot. We defined hSM ≡ f sinh/f
which is the quantity setting the strength of the EW symmetry
breaking, so that hSM/T > 1 represents the condition pre-
venting the baryon asymmetry washout in EW baryogenesis
scenarios. In the region of light mˆq ∝ λˆq the actual boundary
of the SNR region is somewhat below our estimate of Eq. (7).
3 When T/mˆW ∝ T/gˆf cos(h/f) becomes large, as h appraoches pif/2,
we expect a breakdown of perturbative expansion due to IR divergences
analogously to SM. However, we do not expect that the main effect that
we are investigating – SNR – will be significantly affected if we only use
perturbative analysis. In particular, we know that such non-perturbative
effects do not prevent EW symmetry restoration in SM, and, analogously,
they are not expected to prevent the restoration of the twin EW symmetry
at h = pif/2.
4 T < f is required for the convergence of the Higgs loops series originating
from non-linear 1/f -suppressed Higgs interactions [26]. Also, the conver-
gence of fermionic loops series requires T < f
√
8/nˆqλˆ2q cos
2 h/f [7],
which is only violated at large λˆq far above the minimal values needed
for SNR. Such large λˆq would also lead to larger fine-tuning than what is
necessary for SNR.
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Figure 2: Solid lines show the evolution of hSM/T in the minimum of
the Higgs potential depending on the temperature, for three choices
of parameters: λˆq = 0.2, nˆq = 9 (blue), λˆq = 0.5, nˆq = 12 (green),
and λˆq = 0.7, nˆq = 12 (red).
This mismatch occurs because, besides nˆq twin fermions, also
the twin top and gauge bosons contribute to SNR. Because of
their large masses their contribution is somewhat suppressed
and can not be simply incorporated in our previous estimate
which was based on the leading term in m/T expansion. As
mˆq increases, the qˆ contribution to the high-temperature po-
tential also starts deviating from the large-T estimates.
In Fig. 2 we show three distinct types of the Higgs field
evolution with temperature: EW symmetry restoration, be-
haviour with alternating hSM/T ≶ 1, and the trajectory with
hSM/T > 1. In the latter two cases the Higgs field value
grows with temperature until it reaches the minimum of the
thermal potential induced by the twin fermions and gauge
bosons, which is defined by mˆq,t,W (h) = 0, and corresponds
to h = pif/2, or hSM = f . In this minimum the EW sym-
metry is maximally broken, while the twin EW symmetry is
restored.
We conclude that in the proposed modification of the Twin
Higgs scenario hSM/T > 1 can be achieved across a wide
range of parameters and T < f . One of the most im-
portant applications can be related to the EW baryogenesis.
For concreteness, we will sketch a particular realization of
the latter in the context of the Composite Twin Higgs sce-
nario [36, 38, 42], which represents one possible UV comple-
tion of the low-energy Twin Higgs model that we analysed. In
this scenario the Higgs boson is a bound state of some new
strong dynamics. As the universe cools down from temper-
atures T  f , the composite sector is initially in the de-
confined phase, with no Higgs boson and no EW symmetry
breaking condensate. At the temperature of the new strong
sector confinement phase transition, which can be as large as
f ∼ 1 TeV, the strong sector condenses, forming in partic-
ular the Higgs boson. SNR fermions now lead to the break-
ing of the EW symmetry even at this high temperature. The
baryon asymmetry can be generated upon this confinement
phase transition, if it is of the first order [45, 46], and remain
unaffected by the sphaleron washout which is inefficient for
4hSM/T > 1.
MODELLING THE CUTOFF PHYSICS
Let us now analyse in more detail the cutoff physics, which
is required to regulate the quadratic divergence of the Higgs
potential, originating from the introduced Z2 breaking. We
will promote our description to a two-site model [42, 47], with
the first site corresponding to nˆq Z2-breaking twin fermions
discussed in the previous section. The second site consists of
their heavier partners, regulating the quadratic divergence of
the Higgs potential. These partners together form a complete
multiplet of SO(8), but their interactions and masses break it
to SO(7). We correspondingly split the twin partners into an
SO(7) singlet ψ1 and a 7, ψ7. The latter multiplet contains
two EW doublets, (ψ01 , ψ
−) and (ψ+, ψ02), where superscripts
denote the electric charge, and also three SM singlets. ψ1 is
also a complete SM singlet. The fermionic part of the La-
grangian describing the twins and their partners is given by
L ⊃ yLf ¯ˆqLU(ψ7R + ψ1R) + yRf ¯ˆqRψ1L + h.c.
−m1ψ¯1ψ1 −m7ψ¯7ψ7, (10)
where yL and yR control the mass mixing between the two
sites and m1,7 are masses of the vector-like partners. U is a
Goldstone matrix
U =

I3 0 0 0
0 cos hf 0 sin
h
f
0 0 I3 0
0 − sin hf 0 cos hf
 . (11)
qˆL fermions transform as twin SU(2)L doublets and qR is a
complete singlet. qˆL is assigned the transformation properties
under SO(8) according to the following embedding
qˆL =
1√
2
(0, 0, 0, 0, idˆL, dˆL, iuˆL,−uˆL)t. (12)
qR forms a mass eigenstate together with uR, while dL would
need an additional coupling to its corresponding partner and
dR to obtain a mass, which can be done in a straightforward
manner. After mass diagonalization the approximate EW dou-
blets mass eigenstates retain the mass m7 while the qˆ mass
becomes [42]
mˆq =
1√
2
yLyRf√
m21 + y
2
Rf
2
f cos
v
f
, (13)
which allows to identify
λˆq ' yLyRf/
√
m21 + y
2
Rf
2. (14)
We can now compute the leading one-loop correction to the
Higgs potential, which is now only logarithmically-divergent
δVh = − nˆq
16pi2
∑
i=ψ,q
m4i log
m2i
µ2
'
log µ2
nˆq
16pi2
Tr[M.M†]2 logµ2
=
nˆq
16pi2
y2Lf
2 sin2
h
f
(
m27 −m21
)
logµ2, (15)
where M is the twin fermion mass matrix derived from
Eq. (10) and can also be found in Ref. [47]. The leading
log result is enough for analytic understanding of the relevant
properties, while in the numerical computations the exact ex-
pression will be used.
LIGHT TWIN PARTNERS PHENOMENOLOGY
The EW-charged twin partners ψ±, ψ01,2 with mass m7 can
be produced at the LHC. Given their large multiplicity, the di-
rect EW pair production of these states plays the dominant
role (for other production channels see [48]). After being
produced, the twin partners are expected to decay to SM-
neutral twin fermions qˆ and the singlet ψ1 (if the latter are
sufficiently light which we assume to be the case) and the
EW gauge and Higgs bosons. Corresponding branching ratios
can be estimated using the Goldstones equivalence theorem
in v = 0 approximation [48, 49]. The interactions with the
SM (would-be) Goldstones φ0, φ± and the Higgs boson come
from the mixings and the derivative interactions. The mixing
part comes from
yLf ¯ˆqLUψ7R ⊃ yL ¯ˆuL
(√
2φ+ψ− − (h− iφ0)ψ01
)
, (16)
and analogously, up to signs, for the interactions with the
second doublet (ψ+, ψ02). Furthermore, the symmetry of the
model admits the following derivative interaction [49]
c71 ψ¯7dµγ
µψ1, (17)
where diµ =
√
2∂µΠ
i/f , Π is a vector of Goldstone bosons
and c71 is an order-one coefficient. After integration by
parts and applying the fermionic equations of motion, this
term produces the interactions between the two EW doublets,
the singlet ψ1 and EW Goldstones, with a typical strength
c71(m7 − m1)/f . We should also account for the fact that
ψ1R mixes with qR with the strength ∼ yRf/m1.
Using this information we can qualitatively summarise the
main decay channels of the EW doublet twin partners. Ne-
glecting the kinematical factors, taking c71 ∼ 1 and m7 ∼
m1 ≡ g?f we obtain
• ψ± decay to W± with BR(Wqˆ)/BR(Wψ1) ∼ (y2L +
y2R)/g
2
?.
• ψ01,2 decay to Z and h with almost equal probability,
and BR(Z/h qˆ)/BR(Z/hψ1) ∼ (y2L + y2R)/g2?.
5The decay products – qˆ and ψ1 – may decay through differ-
ent twin particles, and, if charged under twin QCD, hadronize.
Following [50], we summarize the EW-neutral twin states,
which can eventually be produced:
• twin leptons and photons (if present): may escape the
detector, unless a mixing with their SM counterparts is
introduced;
• twin glueballs: can decay into twin photons, twin
mesons, escape the detector, or produce visible dis-
placed decays to SM via the mixing with the Higgs,
depending on the size of twin ΛQCD;
• twin mesons: can decay into SM via the Higgs mixing,
twin glueballs, or twin leptons and photons;
Among the listed possibilities we here concentrate on the sim-
plest, where the EW-neutral twin states remain undetected,
manifesting themselves as a missing energy. The two-body
decays of EW-charged twin partners then lead to the signa-
tures considered in the searches for charginos and neutralinos
pair production [51–54]. We will use a very simplistic way of
recasting these bounds into the bounds on our model by find-
ingm7 which would give the same number of signal events as
the pairs of charginos and neutralinos with the mass equal to
the experimental lower bound mexp
nˆq Lσpp→ψ±ψ01,2 [m7] = Lexp σpp→χ±χ0 [mexp], (18)
where Lexp is the integrated luminosity used to obtain the ex-
perimental bound, and we set L = Lexp to derive the current
bounds, and use larger L to derive future projections. Mul-
tiplication by branching ratios are also performed depending
on the particular decay channel. For the SUSY cross-sections
we take the NLO results derived using [55, 56]. We also use
these cross-sections to estimate the production rate of EW
partners, taking σpp→ψ±ψ01,2 [m] = σpp→χ±χ0 [m] for wino-
like χ±, χ0.
The bounds get weaker for higher mass of the fermions pro-
duced in the decay. The minimal mˆq = λˆqf cos v/f/
√
2
needed for SNR can be read of Fig. 1, and varies in the
range 0.2 − 0.4 TeV depending on nˆq . For the decay prod-
uct mass 0.2 TeV, the strongest bound comes from Ref. [52],
mχ > 0.73 TeV implying m7 > 1.1 TeV, and is almost un-
affected by a non-zero value of mˆq . On the upper side of the
mˆq mass range, the current experimental searches are not able
to derive any constraint. nˆq enhancement may lead to some
exclusion, though definitely weaker than the derived above
bound (because of lower sensitivity and a lower nˆq), and a
more involved analysis would be needed in this case.
In case if the mass splitting does not allow for a two
body decay, the three-body decays via off-shell SM gauge
bosons will take place instead. In this case, the lifetime of
EW-charged partners is typically longer than the twin QCD
hadronization time. The bound states of produced pairs can
then decay back into the SM states, significantly enhancing
the experimental sensitivity [48]. We will not consider such a
compressed spectrum in the following.
Note that the bounds can also be potentially weakened if the
nˆq fermions are not exactly mass-degenerate, and a dedicated
analysis would be needed for this case.
FINE-TUNING
To quantify the fine-tuning associated with the Z2 break-
ing in light fermion sector we will adopt the standard tuning
measure of Ref. [57]
∆BG = maxi
∣∣∣∣∂ logm2Z∂ log xi
∣∣∣∣ , (19)
where xi = (yL, yR,m7,m1, µ). Note that µ can be thought
of as a physical mass of heavier particles regulating the log di-
vergence. A simple analytical approximation for the minimal
amount of tuning needed for SNR to happen can be derived as
follows. The SM Z-boson mass is related to the Higgs VEV
through mZ ∝ sin v/f . The value of sin v/f is a result of the
minimization of the Higgs potential, for which we take
Vh = α sin
2 h
f
+ β sin4
h
f
. (20)
Coefficients α and β receive contributions from various
sources, including the Z2-breaking twin fermions that we in-
troduced. If the latter give a too large correction, it has to
be fine-tuned. Experimentally, one has to satisfy sin2 v/f =
−α/2β and α = −m2hf2/4 cos2 v/f . With these expressions
we can easily estimate the tuning. Given that the dominant
one-loop effect of Eq. (15) is a modification of α, we get
∂ logm2Z
∂ log xi
=
∂ logα
∂ log xi
(21)
=
∂
∂ log xi
nˆqy
2
L(m
2
7 −m21) cos2 v/f logµ2
4pi2m2h
,
where mh and v are fixed to the experimental values. A good
estimate of the lower bound on tuning can be derived from the
variation with respect to µ
∆BG =
nˆqy
2
Lm
2
7 cos
2 v/f
2pi2m2h
, (22)
where we omitted m1 dependence for the latter not being di-
rectly constrained by the discussed experimental searches. We
fix the value of yL imposing the SNR condition, correspond-
ing approximately to nˆqλˆ2q & 5 (more precisely, we use the
values of nˆq, λˆq which can be read off Fig. 1), and using
Eq. (14), so that
nˆqy
2
L ' nˆqλˆ2q
m21 + y
2
Rf
2
y2Rf
2
& 5, (23)
where, again, we assumed small m1. Comparison of the ap-
proximation of Eq. (22) with the numerical results is shown in
Fig. 3 for nˆq = 12.
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Figure 3: Tuning as a function of m7 for nˆq = 12, for the parameter
space points with SNR. Parameters are varied within the following
ranges: m7 = 0.5− 2 TeV, m1 = 0.1− 2 TeV, yL,R = 0.1− 2 and
µ = 3 TeV. Blue line shows the analytic approximation of Eq. (22).
Plugging the strongest current experimental bound on m7
that we derived for nˆq = 21, and λˆq & 0.4 (see Fig. 1) into
Eq. (22) we get ∆BG & 12. This value marginally exceeds the
typical amount of tuning obtained in the Twin Higgs models,
which varies in the range f2/2v2 − f2/v2 = 5− 10 [50].
The tuning in the SNR case will however increase if the up-
coming experimental data shows no signs of twin partners. In
order to understand whether, given a worse tuning, the pres-
ence of the Z2 symmetry (and hence SNR from approximate
Z2-copies of SM) could still be motivated by naturalness, let
us compare with the case of Goldstone Higgs models with-
out the twin symmetry protection. We will consider a mini-
mally tuned realization [49] of the symmetry breaking pattern
SO(5) → SO(4) [58]. In this case, the leading contribu-
tion to the Higgs mass is proportional to the masses of QCD-
charged fermionic top partners. Corresponding tuning can be
estimated using Eq. (22), with nˆq → Nc = 3, yL → λt ' 1
and m7 & 1.3 TeV, where we used the current experimen-
tal bound on the charge-5/3 top partner mass [59] derived us-
ing 35.9 fb−1 of data. This results in a slightly larger tun-
ing ∆BG & 15, but still comparable to the other values we
obtained. For a fair comparison of the two cases we how-
ever need to use the same amount of experimental data. We
present in Fig. 4 the future projection of the fine tuning assum-
ing no experimental observation of the top and twin partners
at the LHC. Note that we estimate the tuning in the simple
Goldstone Higgs case based on the pair production of one col-
ored partner only, while the single production and a pile up of
signals from several partners are expected to significantly en-
hance the experimental reach [60–63]. Yet, this simple exer-
cise shows that in case of non-observation of new physics, the
twin Z2 symmetry would still improve the naturalness quality,
and SNR can be seen as a consequence of the latter.
As a final comment, we would like recall that the Goldstone
Higgs models are generically tightly constrained by the elec-
troweak precision constraints. New EW-charged fermions,
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Figure 4: Projected amount of fine tuning in case of non-observation
of top partners and twin fermion partners at 14 TeV LHC for simple
Goldstone Higgs, Twin Higgs with nˆq = 21 SNR twin fermions, and
the vanilla Twin Higgs. Goldstone Higgs case bound can increase
significantly if all top partners production channels are taken into
account.
significantly separated from the model cutoff Λ, such as our
twin partners, are known to be able to contribute to the Sˆ pa-
rameter [31, 64–67]
∆Sˆψ ≈ n˜q g
2
24pi2
ξ(1− 2c271) log
Λ2
m27
, (24)
which can be helpful in resolving possible tensions result-
ing from the presence of irreducible contributions to Sˆ and
Tˆ coming from other sources.
Our main focus in this section was on identifying the
amount of fine tuning associated to the current and, poten-
tially, future non-observation of the twin partners. Taking a
more positive view on the subject, we can instead conclude
that EW SNR (and, for instance, associated models of high-
temperature EW baryogenesis) with a minimal amount of tun-
ing motivates the existence of multiple EW charged states,
which can be produced at the LHC directly via EW interac-
tions and, in the minimal case, having signatures closely re-
sembling those of supersymmetric particles. In less minimal
cases the signatures can include for instance a combination of
prompt decays of EW partners into SM gauge bosons with dis-
placed decays of produced twin hadrons into SM states. This
represents an important phenomenological difference with re-
spect to both the standard Twin Higgs and minimal Goldstone
Higgs scenarios.
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